Abstract. Colon diverticula cause bleeding and acute diverticulitis. The present study analyzed laboratory test variables, aiming to predict the presence of diverticula. Patient records from between April 2011 and March 2014 were analyzed retrospectively (1,520 patients) and a one-way analysis of variance was performed to analyze the association between the presence of diverticula and each variable. A χ 2 test was then used to assess the correlation between the prevalence of diverticula and the percentage of patients with uric acid (UA) levels ≥5.1 mg/dl. A receiver operating characteristic (ROC) analysis was performed to determine the threshold values required to predict the presence of diverticula. Hemoglobin (Hb) levels were lower in patients with diverticula than in those without diverticula (P=0.0027), and compared with patients without diverticula, UA and triglyceride (TG) levels were higher in patients with diverticula (P=0.0066 and P=0.0136, respectively). The patients were divided into two groups, as follows: Patients with UA levels ≥5.1 mg/dl (the median value) and those with UA levels <5.1 mg/dl. The prevalence of diverticula was significantly higher in patients with UA levels ≥5.1 mg/dl than in those with UA levels <5.1 mg/dl (P=0.0004). ROC analysis demonstrated that the threshold values of Hb, TG and UA were 12,400, 146 and 5.1 mg/dl, respectively. The sensitivity of the Hb and UA levels at the threshold values was 76.5 and 71.0%, respectively. The prevalence of diverticula was associated with low Hb levels, and high TG and UA levels.
Introduction
Colon diverticula are outpouchings of the mucosa and muscularis mucosa. Diverticula develop where the colon wall is weak (1), the negative outcomes of which are bleeding and acute diverticulitis (2, 3) . Bleeding from diverticula accounts for 20-50% of lower gastrointestinal bleeding cases (4) ; this is usually self-limiting, but is occasionally fatal for patients taking non-steroidal anti-inflammatory drugs and anticoagulants (5-7). Acute diverticulitis is treated with antibiotics (8) , which can cause complications, and surgery is required if diverticulum perforation occurs (9) . The risk of bleeding and perforation may be reduced if the presence of diverticula is identified in advance.
Studies on the risks of diverticula predominantly focus on aging, genetic factors and dietary fiber. The odds ratio of siblings with diverticula is 7.15 for monozygotic twins and 3.2 for dizygotic twins (10) . Among the cases of diverticula, 40% result from inherited factors and 60% from environmental factors (10) . However, controversy remains over whether dietary fiber is one of the causes (11, 12) . Crowe et al (11) concluded that increased dietary fiber intake decreases the risk of diverticula, but Peery et al (12) reported that fiber intake does not affect the prevalence of diverticula. With regard to risk factors, Song et al (13) attributed aging, high-fat diets and high alcohol consumption as factors increasing the risk of diverticula.
If laboratory data that are correlated with the presence of diverticula were available, it would be possible to develop strategies to decrease the risk of developing diverticula; the present study therefore analyzed the laboratory data of patients who underwent colonoscopy in order to determine variables that predict the presence of diverticula.
Materials and methods
Patients. Patient records from between April 2011 and March 2014 were analyzed retrospectively. A total of 1,520 patients underwent colonoscopy and were included in the analysis, including 758 men (mean age ± standard deviation, 68.9±10.9 years) and 762 women (68.7±10.8 years). The current study was approved by the National Hospital Organization Shimshizu Hospital Ethics Committee (Yotsukaido, Japan) and was not categorized as a clinical trial as it was performed during routine clinical practice. Written informed consent was waived since the present study was retrospective. Patient anonymity was preserved. 
Results
To analyze the correlation between age and the presence of diverticula, the patients were divided into the following age groups: Group 20 (20- (Fig. 1) . The incidence of diverticula increased with advancing age, but no significant correlation was found by χ 2 test (P=0.0643). The experimental variables were compared to determine significant differences between patients with and without diverticula ( Table I) . Hb levels were lower in patients with diverticula compared with those without diverticula (P=0.0027). UA and TG levels were also higher in patients with diverticula (P=0.0066 and P=0.0136, respectively). Table II reports the χ 2 test results comparing the prevalence of diverticula between male and female patients. Diverticula were more frequent in male patients than in female patients (P=0.0001). The mean ages of the male and female patients with diverticula were 69.2±11.0 and 68.0±10.2 years, respectively. Table I demonstrates that UA levels were significantly higher in patients with diverticula compared with those without diverticula. To confirm these results, the patients were divided into two groups according to UA level, as follows: Patients with UA levels ≥5.1 mg/dl and those with UA levels <5.1 mg/dl. In the patient sample of the current study, 5.1 mg/dl was the median UA level. The prevalence of diverticula was compared between the two groups (Table III) ; this was significantly higher in patients with UA levels ≥5.1 mg/dl than in those with UA levels <5.1 mg/dl Figure 1 . Prevalence of colon diverticula among different age groups. Patients were divided into different age groups. There were 3 patients in their twenties, which was significantly lower than the number of patients in the other age groups. White bar, patients without colon diverticula; black bar, patients with colon diverticula. Table II . Association between gender and the presence of colon diverticula. (P=0.0004; χ 2 test). Diverticula were markedly more frequent in patients with UA levels ≥5.1 mg/dl.
To address the possibility that the presence of diverticula could be predicted using laboratory test variables, an ROC analysis was performed (Fig. 2) . The area under the curve, threshold value, sensitivity and specificity are presented in Table IV . The threshold values of the Hb, TG and UA levels were 12,400, 146 and 5.1 mg/dl, respectively. The sensitivity of the Hb and UA levels at the threshold values was 76.5 and 71.0%, respectively.
Discussion
The correlation between laboratory data, with the exception of age, and the presence of diverticula has not been previously reported. In the present study, the presence of diverticula was significantly associated with low Hb levels, and high TG and UA levels. A non-significant trend with increasing age was also revealed. The prevalence of diverticula may increase with advancing age due to structural changes in the colon wall (10, 13, 14) . To the best of our knowledge, the present study is the first to report an association between diverticula and low Hb, high TG and high UA levels.
The current study revealed that the Hb levels were lower in patients with diverticula than in those individuals without; lower Hb levels were likely associated with the presence of diverticula as this is a major cause of lower gastrointestinal bleeding (15) .
Higher TG levels are associated with metabolic syndrome (16, 17) and TG level decreases as metabolic syndrome improves following lifestyle changes (18) . In the present study, high TG levels were associated with diverticula. These previous data, alongside the data from the current study, indicate that diverticula may be associated with metabolic syndrome. Foster et al (19) compared the prevalence of diverticula between patients with and without ischemic heart disease and demonstrated that diverticula occurred in 57 and 25% of patients, respectively. This indicated an association with ischemic heart disease, which itself has a known association with high TG levels (20) . Previous studies, together with the present data, thus indicate that high TG levels may be associated with diverticula.
The data in the current study clearly suggested that the prevalence of diverticula was associated with higher UA levels; to the best of our knowledge, the current study presents the first report of this association. The molecular details, however, are not known. The data on TG and UA presented in the current study may suggest that a reduction in TG and UA levels decreases the risk of diverticula.
Fernández et al (21) reported that predicting colonoscopic outcomes is challenging when based on blood examination results alone. The sensitivity of the Hb level at 12,400 mg/dl was 76.5% in the current study, suggesting that low Hb levels may be due to diverticulum bleeding. A notable finding was that the threshold value of UA was 5.1 mg/dl, the same value as the median.
To conclude, low Hb levels and high TG and UA levels are associated with the presence of diverticula. Therefore, colonoscopy may be recommended for patients with high TG and UA levels, in order to detect colon diverticula.
